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Determination of Urinary Vanillylmandelic Acid by Liquid Chromatography with EIectrochemica Detection

P. Moleman and J. J. M. Borstrok
We describe an improved method for the assay of urinary vanillylmandelic acid by 'high-performance" liquid chromatography, with electrochemical detection. A 1-mL aliquot of urine is acidified and extracted with ethyl acetate, then the ethyl acetate extract is extracted with phosphate buffer, pH 8.5. An acidified aliquot of the phosphate extract is injected into a reversed-phase column and vanillylmandelic acid is detected electrochemically. The between-day CV is 5-6% for concentrations ranging from 10 to 75 mol/L. We also discuss the critical steps for extraction and calibration.
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Assay of urinary catecholamines
and their metabolites is of interest, not only for the diagnosis of neural crest tumors but also for detection of abnormalities in catecholamine metabolism in psychiatric patients (fl. Urinary 3-methoxy-4-hydroxyphenylglycol and vanillylmandelic acid (VMA; 3-methoxy-4-hydroxymandelic acid) are quantitatively the most important metabolites of norepinephrine and epinephrine, of which 3-methoxy-4-hydroxyphenyiglycol predominates in the central nervous system (2, 3). For assay of catecholamine metabolism in psychiatric patients, assays with high precision and accuracy are needed, the differences between several diagnostic subgroups of patients being small (1) . Previously, we presented such an assay for urinary 3-methoxy-4-hydroxyphenylglycol (4). For urinary VMA, several "high-performance" liquidchromatographic procedures have been reported (5-7), but for none of these are precision and accuracy data reported for the entire normal range, nor are there extensive interference studies. We present here an assay with high selectivity, precision, and accuracy, and characterize the critical steps. 
Department
Materials and Methods
Apparatus.
We used a Model 8100 chromatograph with a Model 8110 autosampler and a Model 4100 plotter-integrator (all from Spectra-Physics, Inc., San Jose, CA 95134). The electrochemical detector (Bioanalytical Systems, West Lafayette, IN 47906) consisted of an LC-4a controller and a TL-5 cell (glassy carbon electrode and Ag/AgCl reference electrode). Reversed-phase columns, 15 cm x 4.6 mm (i.d.), prepacked with Hypersil ODS, 5-sm particle diameter, were obtained from Chrompack, Middelburg, The Netherlands.
Reagents and materials.
All standards and chemicals for the interference studies were obtained from Sigma Chemical Co., St. Louis, MO 63178, except 2,5-dihydroxyphenylacetic acid and 5-hydroxy-3-indoleacetic acid (Fluka, Buchs, Switzerland); 3,4-dihydroxyphenylacetic acid, 3,4-dihydroxyphenylglycol, and 3-methoxy-4-hydroxyphenylethanol (Labkemi, Stockholm, Sweden); 3,4-dihydroxybenzoic acid (Aldrich Chemical Co., Milwaukee, WI 53233); and 3,4-dihydroxyphenylethanol (Serva, Heidelberg, F.R.G.). All other chemicals were reagent grade.
Lyophilized urine pools for the precision studies were from Ortho Diagnostics, Raritan, NJ 08869: lot no. 090V02 (for low concentration) and lot no. 1V213 (for high concentration). Equal volumes of both lots were mixed to obtain an intermediate concentration.
Water was prepared with a Milli-Q water purificationsystem (Millipore Corp., Bedford, MA 01730). A stock standard VMA solution of 540 zmoL'L was prepared daily in 10 mmol/L HC1 containing 0.5 g each of Na2EDTA and Na2S2O5 per liter.
Working-standard solutions were obtained by diluting the stock solution with phosphate buffer (per liter, 50 mmol of NaH2PO4 H2O, 0.5 g of Na2EDTA, and 0.5 g of Na2S2O5, adjusted to pH 7.0 with NaOH). These standard solutions were taken through the entire procedure. For direct injection into the chromatograph we diluted the standard solutions fourfold with 100 mmollL HC1O4 containing 0.5 g each of Na2EDTA and Na2S2O5 per liter. per liter, 100 mmol of Na2HPO4 2H20, 0.5 g of Na2EDTA, and enough concentrated HC1O4 to adjust the pH to 2.7. Eluent B was Milli-Q water and eluent C was an equivolume mixture of propanol and Milli-Q water. All eluents were filtered through 0.45-m (av pore size) Millipore filters and continuously degassed with helium. The chromatograph was programmed to mix eluent A and eluent B + C continuously in equal amounts. Propanol gradients were obtained by mixing different amounts of eluent B and C.
Sample collection and diet. Twenty-four-hour urines were collected over 0.5 g of Na2EDTA and 0.5 g of Na2S2O5. When necessary, they could be stored at -70 #{176}C for several months without loss of VMA.
Theeffect of diet was assessed by collecting one 24-h urine specimen before and three consecutive 24-h urines after at least three days of a diet that excluded coffee, tea, vanilla and all food containing vanilla, all spices or spiced foodstuff, food containing artificial colorings or essences, chocolate, nuts,raisins, and fruits, except for one orange, apple, or pear per day.
Procedure. Calibrate the detector response (peak area) and retention time after every six samples with a direct injection of one of the standard solutions into the chromatograph. Determine analytical recovery by comparing results for standards taken through the entire extraction and chromatographic procedure with those for standards injected directly.
Results and Discussion
Experimental Considerations Sample cleanup.
In our hands, the accuracy of VMA extraction from ethyl acetate was not optimal at pH 4 (6). Extraction is most accurate when slight differences in pH do not affect recovery. As Figure 1 shows, forVMA a pH of 2 is optimum for extraction into ethyl acetate and a pH >6 for re-extraction into phosphate. Recovery of VMA can be increased by adding NaCl in the first extraction step, but this also results in increased recovery of some interferents. The fluid volumes in the extraction procedure were optimized for VMA as described elsewhere (4), with use of the partition coefficients shown in Figure 1 . Peak broadening and reduced retention sometimes result from some ethyl acetate being in the final aqueous extract. This can be prevented simply by leaving the extract for 30-60 mm in the open extraction tube at room temperature or for 15 mm at 40#{176}C.
Chromatography.
We have extensively characterized the behavior of VMA on the reversed-phase column elsewhere (4). Table 3 . Table 3 . indoleacetic acid and 3-methoxy-4-hydroxyvanillic acid can be quantified as well as VMA. A shorter chromatographic run (12 mm, including re-equilibration) with increased VMA resolution can be obtained by increasing the proportion of propanol from 0 to 10%, 1 mm after VMA has emerged from the column. The quality-control data reported in Tables 1 and 2 were obtained with the steep propanol gradient, whereas the shallow gradient was used in the interference studies ( Typical columns can be used for more than a year, i.e., several thousands of analytical runs, when the top of the column is refilled once every few months when there are sudden drops in plate count. Normal plate count is about 7000-10000. a Gradient elution, 0-100 mL of propanol per liter in 20 mm (see Figure 2 ). ND., not determined.
calibrate the response regularly in a run, because a slow decrease in response is sometimes observed. The detection limit of the method is 0.5 mol of VMA per liter of urine. The lowest concentration of VM.A we measured in a sample was 4.1 tmol/L of urine.
AnalyticalVariables
Standard curves. With calibration as described above, the standard curves are linear up to 12 nmol of VMA injected or up to 1 mmol of VMA per liter of original standard taken through the entire procedure.
The standard curve in Figure 3 was obtained from four series of experiments on different days. Each of these series contained one standard at each concentration.
The linear regression equation calculated is [VMAI0. Table 1 shows that the precision of the assay is similar at VMA concentrations of 10 and 75 molIL urine, low and above-normal concentrations, respectively. The precision is slightly better, at comparable concentrations, than reported by Rosano and Brown (5)-4.9% at 43.2 molI L vs 6.1% at 34.5 molIL-who used a laborious periodate oxidation and ultraviolet detection. The precision of our method is better than reported in other "high performance" liquid-chromatographic studies (6: CV 7.8% at 71 zmollL; 7: CV 10.9-8.1% at 10-86 mol/L).
Analytical
recovery. The recovery of VMA is about 72% and is reproducible ( Table 2 ). As could be expected from the standard curves and precision data, analytical recovery and its variation are not concentration dependent. VMA was also added to single samples of urine previously analyzed in duplicate, and reanalyzed. Recovery in those samples was identical to values obtained from standards (Table2).
Interferences.
We characterized the behavior of numerous compounds in the extraction procedure, in the chromatography, and at the electrochemical detector (Table 3 ). Only homogentisic acid (2,5-dihydroxyphenylacetic acid) and 3-methoxy-4-hydroxyphenylglycol would be expected to interfere. However, we were able to quantify 24.8 mol of VMA per liter urine as accurately in a sample with 2 g of homogentisic acid added per liter as in a sample without this addition. We also tested many amines related to catecholamines, tryptamines, tyramines, benzamines; amino acids such as tyrosine, dihydroxyphenylalanine, tryptophan; and related compounds. None of these interfered, because their recovery from extraction is essentially zero. However, of the several hundreds of urine samples we have analyzed we observed two samples with a component unresolved from VMA (a shoulder in the chromatogram). This indicates that, to ensure reliable quantification of VMA, one cannot omit routine inspection of the chromatograms.
Diet. In 14 psychiatric patients and seven apparently healthy controls we compared VMA 24-h excretion in urine of subjects without diet restrictions and in urines of the same subjects on the "restricted-VMA" diet described above. For the controls the average VMA obtained from three consecutive 24-h urines while on the diet was 19.2 (SD 5.4) mol, as compared with 17.9 (SD 5.6) mol in the single 24-h urine before diet. Respective VMA values in the patients were 20.9 (SD 5.3) and 21.6 (SD 4.4) mol. In neither group was the effect of restricted diet significant (p > 0.05, paired Student's t-test).
The present method is very accurate, with a constant precision in the range from low to above-normal concentrations; in this sense it is superior to other currently available methods, including gas chromatography. Thomasson et al. (9) also reached this conclusion in a recent study comparing five methods for the determination of VMA. As Figure 2 shows, homovanillic acid and 5-hydroxy- 
